In this study, among a collection of Ni-resistant bacterial strains isolated from the rhizosphere of Alyssum serpyllifolium and Phleum phleoides grown on serpentine soil, five plant growth-promoting bacteria (PGPB) were selected based on their ability to utilize 1-aminocyclopropane-1-carboxylate (ACC) as the sole N source and promote seedling growth. All of the strains tested positive for indole-3-acetic acid (IAA) production and phosphate solubilization. In addition, four of the strains exhibited significant levels of siderophores production. Further, the efficiency of PGPB in enhancing Ni solubilization in soils was analyzed. Compared with control treatment, inoculation of PGPB strains significantly increased the concentrations of bioavailable Ni. Furthermore, a pot experiment was conducted to elucidate the effects of inoculating Ni-resistant PGPB on the plant growth and the uptake of Ni by Brassica juncea and B. oxyrrhina in soil contaminated with 450 mg kg −1 Ni. Psychrobacter sp. SRA2 significantly increased the fresh (351%) and dry biomass (285%) of the B. juncea test plants (p < 0.05), whereas Psychrobacter sp. SRA1 and Bacillus cereus SRA10 significantly increased the accumulation of Ni in the root and shoot tissues of B. juncea compared with non-inoculated controls. This result indicates that the strains SRA1 and SRA10 facilitated the release of Ni from the non-soluble phases in the soil, thus enhancing the availability of Ni to plants. A significant increase, greater than that of the control, was also noted for growth parameters of the B. oxyrrhina test plants when the seeds were treated with strain SRA2. This effect can be attributed to the utilization of ACC, solubilization of phosphate and production of IAA. The results of the study revealed that the inoculation of Ni mobilizing strains Psychrobacter sp. SRA1 and B. cereus SRA10 increases the efficiency of phytoextraction directly by enhancing the metal accumulation in plant tissues and the efficient PGPB, Psychrobacter sp. SRA2 increases indirectly by promoting the growth of B. juncea and B. oxyrrhina.
Introduction
Heavy metal pollution of soils is becoming one of the most severe environmental hazards and has negative impact on human health and agriculture. Elevated levels of heavy metals not only decrease soil microbial activity, soil fertility and yield losses [1] , but also threaten human health through the food chain [2] . Phytoextraction is emerging as a potential cost effective solution for the remediation of heavy metal-contaminated soils in opposition to the conventional chemical and physical remediation technologies that are generally too costly and often harmful to soil characteristics [3, 4] . Some plant species (identified as hyperaccumulators) growing in heavy metal-contaminated sites have been found with the ability to accumulate unusually high concentrations of heavy metals without impacting on their growth and development [5] . However, most hyperaccumulators identified so far are not suitable for field phy-can enhance biomass production and tolerance of the plants to heavy metals. Further, the microorganisms isolated from natural environments contaminated with heavy metals often exhibit tolerance to multiple pollutants as they have adapted to such environments. Thus, isolation of metal resistant strains from an appropriate metal-contaminated soils could be of importance for a given phytoremediation strategy.
Currently, the serpentine areas are considered as an interesting model for the evolution of metal resistant-plant growth promoting microorganisms, completely different from that of artificially contaminated soils. Bacterial communities in serpentine soil were reported to tolerate spiking of metals, such as nickel, lead, copper and zinc [11, 13, 14] . Also, evidence was presented that the rhizosphere of hyperaccumulating plants, such as Sebertia acuminata, Thlaspi goesingense, Alyssum murale and A. bertolonii has an increased proportion of metal resistant bacteria [11, 12, 15, 16] . Furthermore, the root associated bacteria isolated from serpentine environment have been reported to be able to produce plant growth promoting substances such as indole-3-acetic acid (IAA), siderophores and 1-aminocyclopropane-1-carboxylate (ACC) deaminase [12, 17] . Therefore, inoculation of such rhizosphere organisms endowed with metal tolerating ability and plant growth-promoting activities are of practical importance for both the metal-contaminated environment and for the plant growth promotion.
Our aim was to isolate and characterize Ni-resistant bacteria associated with the rhizosphere of Alyssum serpyllifolium and Phleum phleoides grown in serpentine soils, and to select plant growth-promoting bacteria (PGPB) which might be useful to increase the plant growth and Ni uptake by Brassica species (B. juncea and B. oxyrrhina) in soil. The creation of such metal tolerant plant-serpentine microbe associations is aimed at improving the efficiency of phytoremediation of heavy metal polluted soils.
Methods

Isolation of Ni-resistant PGPB
The bacterial strains were isolated from the rhizosphere of A. serpyllifolium and P. phleoides grown in serpentine soils in Braganç a, north-east of Portugal, previously described by Freitas et al. [18] . About 1 g of soil samples were serially diluted using 25 mM phosphate buffer and spread over on Luria-Bartani medium (LB) amended with 50 mg of Ni l −1 (NiCl 2 ). The plates were incubated at 37 • C for 48 h. From the Ni-resistant colonies, different strains were picked and purified on the LB medium containing 50 mg l −1 of Ni according to the procedure of Rajkumar et al. [19] . Purified colonies were gradually taken to higher concentration of Ni (50-1500 mg l −1 ) and the same procedure was continued to isolate Ni-resistant strains.
In order to isolate the PGPB, the heavy metal resistant strains were grown on DF salts minimal medium [20] supplemented with 3 mM ACC to provide a nitrogen source at 27 • C for 120 h at 175 rpm. The inoculated DF salt minimal medium without ACC was used as a blank. The bacterial growth was monitored as a function of biomass by measuring the optical density at 600 nm against blank. Further, the ACC utilizing strains were assessed for the plant growth promoting activity by roll towel method [21] . Seeds of B. juncea and B. oxyrrhina were surface sterilized in 2% Ca(OCl) 2 (2 h) and rinsed several times with sterile distilled water. The seeds were inoculated by soaking in a bacterial suspension after adjusting OD 600 nm to 1 for 2 h then placed in wet blotters and incubated in a growth chamber for 20 days. The germination percentage of seeds was recorded and the vigour index was calculated using the formula described by Abdul-Baki and Anderson [22] .
Genetic characterization of Ni-resistant PGPB
The bacterial strains were grown in LB broth in presence of 58 mg Ni l −1 at 30 • C. Cells were harvested after 20 h and processed immediately for DNA extraction using standard procedure [23] . Amplification of 16S rRNA gene sequence was performed by PCR with the conserved eubacterial primers pA (5 -AGAGTTTGATCCTGGCTCAG; Escherichia coli bases 8-27) and pC5B (5 -TACCTTGTTACGACTT; E. coli bases 1507-1492) [24] . Reaction conditions were as described by Branco et al. [25] . Each amplification mixture (5 l) was analyzed by agarose gel (1.5%, w/v) electrophoresis in TAE buffer (0.04 M Tris acetate, 0.001 M EDTA) containing 1 g m −1 (w/v) ethidium bromide. For further sequencing reaction, the amplified DNA was purified from salts and primers using the PCR purification kit (Roche Diagnostics) according to the manufacturer's instructions. Automated sequencing of the purified PCR products was performed using the dRodamina terminator cycle sequencing kit and the ABI 310 DNA Sequencer (Applied Biosystems, Foster City, CA) according to the manufacturer's instructions. Partial 16S rDNA sequences obtained were matched against nucleotide sequences present in GenBank using the BLASTn program [26] .
Influence of PGPB and Ni on the growth of Brassica species and Ni uptake
For pot experiments the soil was collected from the Botanical Garden, Department of Botany, University of Coimbra, Coimbra, Portugal. The soil was sieved (2 mm) and sterilized by steaming (10 • C for 1 h on three consecutive days). After sterilization the soil was amended with aqueous solution of NiCl 2 to achieve the final Ni concentrations of 450 mg kg −1 and left in a greenhouse for a 2 weeks period (for metal stabilization). The surface sterilized seeds of B. juncea and B. oxyrrhina were inoculated with PGPB as detailed in earlier section. Seeds soaked in sterile water were used as control. The inoculated and non-inoculated seeds were planted in plastic pot (top diameter 120 mm, bottom 100 mm and height 90 mm) containing 300 g of soil. The plants were grown in a glasshouse at 25 • C and a 16/8 day/night regime. After 45 days the plants were carefully removed from the pots and the root surface was cleaned several times with distilled water. Growth parameters such as fresh weight and dry weight of the plants were measured. The accumulation of Ni in root and shoot system was also quantified following the method of Freitas et al. [18] .
Characterization of plant growth-promoting features of PGPB
ACC deaminase activity
The ACC deaminase activity of cell-free extracts was determined by estimating the amount of ␣-ketobutylate (␣-KB) generated by the enzymatic hydrolysis of ACC [8] by comparing the absorbance at 540 nm of a sample to a standard curve of ␣-ketobutylate ranging between 0.1 and 1.0 mmol according to the procedure of Honma and Shimomura [27] .
Production of IAA
IAA production by PGPB was determined according to the method of Bric et al. [28] . Briefly, an aliquot of 2 ml supernatant obtained from bacterial culture grown in LB medium with l-tryptophan (500 g ml −1 ) was mixed with 100 l of 10mM orthophosphoric acid and 4 ml of reagent (1 ml of 0.5 M FeCl 3 in 50 ml of 35% HClO 4 ). The absorbance of pink color developed after 25 min incubation was read at 530 nm. The IAA concentration in culture was determined using a calibration curve of pure IAA as a standard following the linear regression analysis.
Production of siderophores
PGPB were screened for the production of siderophores by the method of Schwyn and Neilands [29] using chrome azurol S (CAS) agar. Briefly, the assay was performed by spotting 50 l of each exponential bacterial culture previously grown under ironrestricted conditions in casamino acids (CAA) medium onto CAS agar. The siderophore levels produced by the strains were recorded as the diameter of the orange halo produced by the colony. The presence of catechol and hydroxamate siderophores in culture supernatants obtained from bacteria grown either in iron-restricted conditions in CAA medium was quantitatively determined by the calorimetric assay of Arnow [30] , using 2,3-dihydroxybenzoic acid and the Atkin et al. [31] method, using desferrioxamine mesylate as standards, respectively.
Solubilization of phosphate
The phosphate solubilizing activity of the strains was analyzed in modified Pikovskayas medium [32] amended with 0.5% of tricalcium phosphate. The strains were grown at 27 • C for 120 h at 200 rpm. The solubilized phosphate in the culture supernatant was quantified as detailed by Fiske and Subbarow [33] .
Effects of PGPB on the mobility of soil metals
Batch studies on the effects of bacteria on the mobility of soil metals were carried out by using 50-ml scaled polypropylene centrifuge tubes. The sterilized soil was artificially contaminated with Ni as detailed in earlier section. Pure culture bacterial strains were grown in LB broth and placed on a shaker at 200 rpm and 27 • C. After 24 h, optical density (600 nm) was measured and adjusted to 1.5; the cultures were centrifuged at 6000 rpm for 10 min, washed in phosphate buffer (pH 7.0) twice, resuspended, washed in sterile water, recentrifuged, and finally resuspended in 5 ml sterile water. Small aliquots of washed bacterial culture (up to 1 ml) were added to the 1 g of soil in the centrifuge tubes. Sterile water was added to soil as an axenic control. All tubes were weighed, wrapped in brown paper and placed on an orbital shaker at 200 rpm at 27 • C. After 5 days, the tubes were again weighed to compensate for evaporation of water. Ten milliliters of sterile water were added to each tube to extract the soil water soluble Ni [34] . The soil suspensions were centrifuged at 7000 rpm for 10 min and filtered. The concentrations of Ni in the filtrate were determined by atomic absorption spectrophotometer.
Statistical analysis
Analysis of variance (ANOVA) followed by post hoc Fisher LSD test (p < 0.05) were used to compare treatment means. All the statistical analysis were carried out using SPSS 10.0.
Results and discussion
Isolation and characterization of Ni-resistant PGPB
Even metals exert their toxic effects on microorganisms through various mechanisms, the metal-tolerant bacteria could survive in these habitats and could be isolated and selected for their potential application in the bioremediation of contaminated sites [35] . Especially, bacteria present in serpentine soil and their interaction with hyperaccumulating plants have attracted the attention of several investigators [16, [34] [35] [36] [37] due to biotechnological applications for bioremediation. In this investigation, the bacterial strains were isolated from the rhizosphere of A. serpyllifolium and P. phleoides with an objective to assess the effects of PGPB on the growth and Ni accumulation potential of B. juncea and B. oxyrrhina in Ni contaminated soil. During the initial screening, 30 colonies were screened from initial (50 mg l −1 ) level of Ni supplemented LB medium. In order to isolate the PGPB, the Ni-resistant strains were tested for the ability to grow on DF salts minimal medium with ACC. Among the 30 strains tested, 5 strains namely SRA1, SRA2, SRA10, SRP4 and SRP12 grew in DF salts minimal medium with ACC as the sole source of nitrogen (data not shown). Bacterial strains utilizing ACC as a sole source of nitrogen possess ACC deaminase which hydrolyzes ACC and enhance the elongation of plant roots [38] . Earlier studies have confirmed the potential of ACC utilizing bacteria to promote the root elongation and growth of Brassica campestris, B. napus, B. juncea, Arabidopsis thaliana, Lycopersicon esculentum, Zea Mays and Triticum aestivum plants [39] [40] [41] [42] [43] [44] [45] . Hence, the ACC utilizing strains were further assessed for plant growth promoting activity by roll towel method. In general, the inoculation of ACC utilizing strains showed an increase in the vigour index of B. juncea and B. oxyrrhina (Table 1) . However, strain SRA1 showed a maximum increase in root length, shoot length and vigour index of both plant species compared with respective non-inoculated plants. For instance, inoculation of B. juncea with strain SRA1 increased the root length, shoot length and vigour index by 82%, 96% and 123%, respectively. Previously, copper-resistant Achromobacter xylosoxidans isolated from soil contaminated with copper and other heavy metals has been shown to promote plant growth [45] . Jiang et al. [44] also investigated that a heavy metal resistant Burkholderia sp. J62 isolated from heavy metal-contaminated soils prompted plant growth by the synthesis of ACC deaminase. Similarly, Rajkumar and Freitas [46] isolated Ni-resistant Pseudomonas sp. Ps29C and Bacillus megaterium Bm4C from serpentine soil for promoting B. juncea growth in Ni contaminated soils.
The ACC utilizing strains exhibited a high tolerance to Ni when cultivated under increasing Ni levels in the growth medium. Extremely high Ni resistance (up to the concentration of 1250 mg l −1 ) was observed for the strains SRA10 and SRP12, whereas strains SRA1 and SRP4 showed relatively low tolerance to Ni (500 mg l −1 ). The remaining strain SRA2 tolerated up to the Ni concentration of 750 mg l −1 . This high tolerance to Ni could be attributed to the fact that the bacteria were isolated from a serpentine soil containing high levels of Ni [18] . Microorganisms isolated from natural environments contaminated with heavy metals often exhibit tolerance to multiple pollutants as they have adapted to such environments [36] . 
Influence of PGPB and Ni on plant growth and Ni uptake
The bacterial inoculated and non-inoculated plants were subjected to the Ni concentration of 450 mg kg −1 in the soil for 45 days responded differently in terms of plant growth (Table 2) . Ni is known to inhibit enzymatic activity [47, 48] , biosynthesis of chlorophyll and protein [49] , and henceforth the overall growth of plants. In our experiment both in B. juncea and B. oxyrrhina, the reduction of plant fresh weight and dry weight were noticed as reported by others [46, 50] . In Ni-amended soil condition, the value of growth parameters in B. juncea plants was decreased considerably (Table 2) , with a 32% reduction in fresh weight and 51% reduction in dry weight. B. juncea inoculated with PGPB strains SRA2, SRA10, SRP4 and SRP12 exhibited an increase in plant fresh and dry weight in the presence of Ni. However, the highest plant growth promoting effect was found for strain SRA2, which enhances plant fresh and dry weight by 351% and 285%, respectively, compared with noninoculated plants. Similar responses were also obtained with B. oxyrrhina, where reduction of fresh weight and dry weight were observed (55% and 45%, respectively) under Ni stress condition. However, B. oxyrrhina inoculated with PGPB exhibited an increase in plant fresh and dry weight in the presence of Ni. Similarly, maximum plant growth promoting effect was observed in strain SRA2, which enhances plant fresh and dry weight by 25% and 35%, respectively. The results obtained here clearly indicate that inoculation with strain SRA2 was highly efficient at protecting B. juncea and B. oxyrrhina from growth inhibition caused by toxic soil Ni concentrations. This result is in agreement with a previous report describing increased biomass production of B. juncea inoculated with ACC utilizing strains and grown in Ni-supplemented soil [46] . A decreased toxicity of other heavy metals such as Ni, Pb and Zn was also observed in B. juncea and B. campestris plants inoculated with Kluyvera ascorbata SUD165 containing ACC deaminase [51] .
Since the process of metal uptake and accumulation by different plants depends on various internal and external factors [52] , we assessed whether inoculation with PGPB affected the uptake of Ni by B. juncea and B. oxyrrhina plants (Fig. 1) . In general both B. juncea and B. oxyrrhina showed similar effects on Ni uptake, although the B. oxyrrhina accumulated more Ni in both shoots and roots than B. juncea. Further, the inoculation of PGPB strains SRA1 and SRA10 significantly increased the accumulation of Ni in the root and shoot tissues of B. juncea compared with non-inoculated controls (Fig. 1) . For instance, strain SRA10 increased the Ni concentration in the root and shoot tissues by 56% and 73%, respectively. Similarly, the concentration of Ni in root tissues of B. oxyrrhina was increased after inoculation with strains SRA1 and SRA10, but the concentration of Ni in shoot system of plants inoculated with PGPB was not significantly affected compared with respective control (Fig. 1) . This study indicates that PGPB facilitated the release of Ni from the non-soluble phases in the soil, thus enhancing the availability of Ni to plants. A possible explanation might be acid reducing soil pH, siderophore production and phosphate solubilization [44, 50, 53, 54] . These effects of inoculation were reported also by Rajkumar and Freitas [34] , who found that the addition of Pseudomonas jessenii to surface sterilized root of Ricinus communis in autoclaved soil increased Ni, Cu and Zn concentrations in root tissues compared with non-inoculated controls. In contrast to the present observation, Madhaiyan et al. [55] reported that inoculation with PGPB reduced Ni and Cd uptake in tomato plants. Previously, B. juncea grown in Ni-amended soil was found to be able to accumulate significant amount of nickel in its shoots [56] . However in this work, it was found that the inoculated and non-inoculated root systems accumulated considerably more nickel as compared to shoot systems. This can be attributed to poor translocation of nickel from root to shoot system [57] . The accumulation of Ni was more in the roots than shoots showing less translocation of metals from the under ground part to the aerial part of the plant. The present observations indicate that the PGPB protect the plants against the inhibitory effects of nickel. Although the tested serpentine strains utilize ACC as sole source of nitrogen, the stimulating effect on plant growth under Ni stress varied greatly among bacterial strains and plant species. It may be due to the efficiency of serpentine strains to utilize ACC as the sole source of nitrogen [58] . Further, previous studies have reported that the metal resistant bacterial strains exert their beneficial effects on plant growth by several mechanisms. The mechanisms include: synthesis of siderophore, which can solubilize and sequester iron from the soil [13, 46, 59] ; production of phytohormones, which can enhance the growth of plants [45, 54] and solubilization of phosphate [44, 60] . Hence, the plant growth-promoting characteristics such as the ACC deaminase activity, production of IAA, siderophore, and solubilization of phosphate were further investigated in detail.
Plant growth-promoting features of Ni-resistant PGPB
The ACC deaminase activity of serpentine strains was determined by estimating the amount of ␣-KB generated by the enzymatic hydrolysis of ACC. Among the five strains, SRP4 recorded the highest ACC deaminase activity followed by SRP12 (Table 3 ). The role of ACC deaminase in decreasing ethylene levels by the enzymatic hydrolysis of ACC into ␣-KB and ammonia has been presented as one of the major mechanisms of PGPB in promoting root [8, 39] and plant growth under metal stress condition [61] .
The siderophore is another important metabolite released by the plant growth-promoting rhizobacteria that indirectly alleviate heavy metal toxicity by increasing the supply of iron to the plant [51, 57] . In the present study, production of siderophores by serpentine strains was also determined. Among the five strains tested, SRA1, SRA10, SRP4 and SRP12 displayed a positive siderophore activity, as indicated by the development of orange-colored zone on CAS agar plates, after 5 days of growth. Furthermore, maximum production of catachol siderophore was recorded in the strains SRA1, SRA10 and SRP4 (Table 3) . Besides, the strain SRA10 recorded the maximum production of hydroxamate siderophores followed by SRA1. It is assumed that the siderophores released by the microbial strain in the rhizosphere bind to the unavailable form of Fe 3+ and make iron available to the plants, leading thereby to an increase in plant growth. In general, the reduction of plant growth in Ni contaminated soil is often associated with iron deficiency and reduced uptake of some other essential element [62] . In the present study, siderophore produced by PGPB might have helped plant root proliferation and enhanced the uptake of soil minerals such as iron.
IAA production was observed for all strains (Table 3) . Strain SRA2 produced the highest amount, 87.7 mg l −1 of IAA, whereas SRP4 produced only 22.0 mg l −1 of IAA. SRA1, SRA10 and SRP12 produced similar amounts of IAA, i.e., 76.7, 72.5, and 74.9 mg l −1 , respectively. This result is in good agreement with the value shown in Table 2 concerning the efficiency of PGPR on plant growth promotion under Ni stress. For instance, the maximum IAA produced by stain SRA2 inoculation resulted in a correspondingly higher fresh and dry biomass of both B. juncea and B. oxyrrhina suggesting that there was a significant relationship between the plant growth promoting potential of serpentine strains and their level of IAA production. The results of this study are congruent with those of Rajkumar and Freitas [34] reported that P. jessenii PjM15 promoted the growth of R. communis plant under Ni, Cu and Zn stress through production of IAA. Gravel et al. [40] observed a significant relationship between plant growth promoting activity of PGPB and their level of IAA production. In general, the IAA produced by PGPB promotes root growth by directly stimulating plant cell elongation or cell division [63] . A low level of IAA produced by rhizosphere bacteria promotes primary root elongation whereas a high level of IAA stimulates lateral and adventitious root formation but inhibit primary root growth [64] . In addition to IAA production, the phosphate solubilization by PGPB is believed to play an important role in plant-bacterial interactions and plant growth in metal contaminated soils [50] . In the present study, all five strains showed the phosphate-solubilizing ability by utilizing the insoluble tricalcium phosphate in modified Pikovskayas medium (Table 3 ). The decolorization of bromophenol blue is due to a decrease in pH, which clearly indicates the production of organic and inorganic acids, which is considered to be responsible for phosphate solubilization [65] . The strain SRA10 recorded the maximum solubilization of phosphate followed by SRA1. Earlier studies have demonstrated that the elevated levels of Ni in soil interfere with uptake of nutrients such as P and lead to plant growth retardation [66] . This deficiency can be compensated by the phosphate-solubilizing ability of PGPB strains [50, 67] . PGPB inoculation has been reported to have a positive influence on various plant growth parameters, including root and shoot length, seedling vigour, fresh and dry biomass. ACC deaminase and siderophore-producing bacteria has been reported to prevent the inhibition of root elongation by decreasing the level of growth-limiting ethylene through hydrolytic cleavage (deaminase activity) of the ethylene biosynthesis precursor ACC and inhibiting the activity of ACC synthase [8, 39, 42, 68] . In our study, though the strain SRA2 showed moderate ACC deaminase activity (55 m ␣-KB mg −1 h −1 ), it was more efficient in the promotion of plant growth under Ni stress ( Table 2 ). The results suggest that the effects of other plant growth promoting substance such as the production of IAA, and solubilization of phosphate should also be considered in addition to just ACC deaminase activity [45] . Further, the absence of any concomitant increase in root length (Table 1) relative to the magnitude of ACC deaminase activity in this study also confirms the previous report that an optimum of 20 nmol ␣-KB mg −1 h −1 protein is sufficient for bacterial strains to have plant growth promoting properties [69] . Nonetheless, growth promotion of the B. juncea and B. oxyrrhina plants under Ni stress conditions confirmed the beneficial effects of these serpentine bacterial strains on plant growth.
Effects of PGPB on the mobility of Ni
In addition to plant growth promoting potential, certain metal resistant PGPB have been shown to possess several traits that can alter heavy metal mobility and availability to the plant, through acidification, or by producing iron chelators, siderophores, organic acids and/or mobilizing the metal phosphates [11, 50, 70] . Hence, in the present study the efficiency of PGPB strains in enhancing Ni solubilization in soils was analyzed. Compared with control treatment, inoculation of PGPB stains SRA1, SRA10 and SRP12 for 5 days, significantly increased the concentrations of bioavailable Ni by 51%, 50% and 44% (p < 0.05), respectively (Fig. 2) . However, strain SRA2 significantly decreased the amount of Ni extracted from soil. The increase in the concentration of bioavailable Ni caused by SRA1 and SRA10 may be attributed to the maximum production of siderophores and solubilization of phosphate [11, 34] . Siderophore production can also be stimulated by the presence of heavy metals [71] and because most siderophores show affinity to bivalent metal ions [72] , they possibly affect bioavailability as well. This result is in good agreement with the value shown in Fig. 1 influence of PGPB on Ni accumulation in B. juncea and B. oxyrrhina. The higher water soluble Ni induced by SRA1 and SRA2 inoculation resulted in a correspondingly higher Ni accumulation in both the shoots and roots of B. juncea suggesting that the bioavailability of Ni was increased by through bacterial metabolic activities or their interactions with the plants. Similar observations have also reported by Abou-Shanab et al. [11] , who observed the inoculation of Ni-resistant bacteria to surface-sterilized seeds of Allysum murale grown in non-sterile soil increased Ni uptake into the shoot by 17% (Sphingomonas macrogoltabidus), 24% (Microbacterium liquefaciens), and 32.4% (M. arabinogalactanolyticum), compared with un-inoculated controls. However, there was some opposite viewpoint that the presence of PGPB on the roots of plants decreased the uptake of metals by the plants. For example, Dell'Amico et al. [43] found that cadmium-resistant rhizobacteria did not influence the specific accumulation of cadmium in the root and shoot systems, but all increased the plant biomass and consequently the total cadmium accumulation of the B. napus. Hence, extensive research is necessary to examine the influence of PGPB inoculation on heavy metal speciation changes in the rhizosphere soil and to determine whether such changes could have altered the accumulation and distribution of heavy metals in various hyperaccumulating plants.
Conclusions
The results obtained here indicate that inoculation of metal resistant serpentine strains seemed to be very effective in protecting plants from growth inhibition caused by Ni. Enhancing metal accumulation in high yielding crop plants without diminishing their yield is fundamental to successful phytoremediation [3] . In the present study, though the strains SRA1 and SRA10 increased the Ni concentration in the root and shoot tissues of B. juncea and B. oxyrrhina, these strains failed to promote the plant growth against the toxic effects of Ni in soils. However, compared with control treatments, inoculation of efficient plant growth promoting strain SRA2 did not influence the quantity of accumulation of Ni in plant tissues, but achieved a much larger aboveground biomass harvest, thus resulting in a much higher metal removal. The intrinsic abilities of metal mobilization and the ability to reduce the toxicity of nickel of the tested PGPB strains could be of practical importance in augmenting the growth and phytoextraction in nickel polluted soils. As the technology of metal 'phytomining' matures and is commercially developed, even small increases in the total metal uptake and plant growth can have very significant impacts on profitability. Thus, suitable modification of the roots/rhizosphere system of heavy metal phytoaccumulators with beneficial microflora could promote metal bioavailability and phytoextraction. Future studies will examine the co-inoculation effects of Ni mobilizing (Psychrobacter sp. SRA1 and B. cereus SRA10) and PGPB (Psychrobacter sp. SRA2) under field conditions and examine their impact on other metal hyperaccumulating as well as non-hyperaccumulating plants.
